Seeds of Chinook wheat (Triticum aestivum L.), Campana barley (H ordeum vulgare L.), Victory oats (Avena sativa L.), common fall rye (Secale cereale L.), and Redwood flax (Linum usitatissimum L.) germinated faster and grew more in 48 hours when they were oriented longitudinally parallel to the lines of force in a magnetic field than when orientated horizon tally at right angles to those lines of force. Growth responses of approxi mately the same nature and magnitude were obtained when the orientation treatment during germination was relative to the direction of the lines of force of either the geomagnetic or an introduced magnetic field.
INTRODUCTION AND LITERATURE REVIEW
It is well known that factors such as temperature, light, gravity, moisture, and nutrient availability affect the germination of seeds and growth of plants. Recently it has been demonstrated that some plants or plant parts respond to magnetic stimuli. Aud us ( 1) reported that the seedling roots of cress (Lepidium sativum L.) have shown marked growth curvatures away from the gap of an experimental magnet, that is, down the magnetic gradient. He also observed the behavior of starch grains in roots bending in this magnetic field and found that in most sections there is a very slight preponderance of grains in that half nearer the concave side of the root, that is, the side away from the magnet. In only 4 of the 22 sections is this shift significant at the 5 per cent level or better and in most cases it is not significant. However, the over-all picture is undoubtedly one of a slight shift of starch grains down the magnetic field gradient. Later, Audus and Whish (2) could not verify their assumption that the curvature was caused by "migration of gravi-sensitive starch grains". Kimball ( 4) reported a retardation in bud formation in yeast cells when the cells were placed on suitable media in the magnetic field of a small horseshoe magnet. Jensen ( 3) observed no effect on the rate of growth, morphology, size, and shape of individual cells, pigmentation or spore production of yeasts, bacteria or molds when these were placed in a magnetic field. Pittman ( 6) reported that the roots of Kharkov 22 M.C. winter wheat show a response that is magnetotropic or even geomagnetotropic in nature. Krylov and Tara kanova (5) have indicated that seeds of corn and wheat the embryo roots of which were orientated toward the earth's south magnetic pole sprouted slightly earlier than seeds with the embryo roots turned toward the north magnetic pole.
This investigation was designed to determine the effects of seed orienta tion on germination and growth (a) within an introduced magnetic field and (b) with respect to the geomagnetic field. Redwood flax ( Linum usitatissimum L.) . Two seeds (one pair) of each of the five species were placed on white blotting-paper in a small, rectangular, clear plastic box to provide two parallel rows. One seed of each pair was orientated with its long axis parallel to the sides of the box (that is, length wise) , the other with its long axis parallel to the ends of the box (that is, crosswise) . The orientation within pairs was random except that in any one replicate the embryos of all the lengthwise-or crosswise-orientated seeds faced in one direction. The box was then fitted between the facing poles of a large permanent magnet (IS2500 type 13A250) * that was rated C.F.S. 2540 gauss. The previously described seed orientation provided for one seed of each pair to have its long axis approximately parallel to the main lines of force of the magnet and the other to have its long axis orientated horizontally at right angles to the main lines of force. When the box was in the magnet, 25 drops of tap water were placed on the blotting-paper. The box was then closed with a tight-fitting lid. The seeds were germi nated for 48 hours at room temperature (approximately 72°F.) in diffused sunlight. Supplementary light was not used at any time. After 48 hours the seeds were removed from the box and the length of the primary root, two primary-lateral roots, and coleoptile were measured. The experiment was repeated thirteen times to provide replication.
Ten seeds (five pairs) of only one of the five species were placed in one of five plastic boxes (one species per box) and the boxes were in a room in which the main magnetic effect on the seeds would be from the earth's magnetic field. One seed of each pair, with its embryo facing magnetic north, was orientated with its long axis parallel to the lines of geomagnetic force. The other seed, with its embryo facing geographic northwest (magnetic west) was orientated with its long axis horizontally at right-angles to the lines of geomagnetic force. The declination of the compass needle at Lethbridge, Alberta, in 1962 was approximately 20° 32' E. The test was repeated four times to provide replication.
RESULTS AND DISCUSSION
Without exception all seeds used were viable. Although no data were obtained on the actual rate of germination of the seed by species or by treatment within species, some differences were observed. It was noted that root and/or coleoptile growth were usually visible 8-12 hours earlier in seeds that were orientated with the long axis parallel to the lines of magnetic or geomagnetic force than in those with the long axis orientated horizon tally at right-angles. This differential in rate of germination was usually more noticeable in the barley and flax seeds than in the wheat, oats, or rye.
Redwood flax and Victory oats produced only roots in both tests and Campana barley produced only roots in Test 2.
Test No. 1 -Within the Magnet
On all seeds where measurable growth occurred during the 48-hour test period, the average length of the primary root, two primary-lateral FrGL:RE 1. Seedling growth of seeds of (1) flax; (2) rye; (3) barley; and ( 4) oats, as affected by seed orientation relative to the direction of the geomagnetic field.
roots, and coleoptile was greater from seeds that were orientated longi tudinally parallel to the lines of force of the magnet than from those orientated horizontally at right-angles ( Table 1) . In most instances the differences in length of growth were significant at the 1 per cent level. A visual comparison between species suggests that Campana barley may have responded more strongly to seed orientation within the introduced magnetic field than did the others. Response to the orientation treatment appeared to be weakest in Victory oats. It also appeared that the differential response to the orientation treatment was shown more dearly in the primary roots and coleoptiles than in the primary-lateral roots. The two primary-lateral roots responded similarly to treatment.
The results obtained in this test (Table 2 ) from orientating seeds in specific directions relative to the lines of force of the geomagnetic field were remarkably similar to those obtained in Test No. 1.
With minor exceptions the average length of the primary root, primary lateral roots, and coleoptile of all species was signifi cantly greater from seeds that were orientated longitudinally parallel to the lines of force of the geomagnetic field than from those orientated horizontally at right angles ( Figure 1 ). The differences in length of growth of each component in wheat, barley, fall rye, and flax were significant at the 1 per cent level. There was no significant difference in the average length of the right lateral roots of Victory oats. Here also, as in Test No. 1, a comparison between species suggests that Campana barley may have responded more strongly to the orientation treatment than did the others. Victory oats apparently showed the least or weakest response to orientation treatment. Generally the growth response to orientation relative to the magnetic lines of force was stronger in the primary root and coleoptile than in the primary-lateral roots.
CONCLUSIONS
These tests provide evidence that speed of germination and seedling growth of some cereal species were affected by certain magnetic stimuli.
Chinook wheat, Victory oats, Campana barley, Redwood flax and common fall rye were used as test crops. Growth was greater in a 48-hour germination period when the seeds of these crops were orientated longi tudinally parallel to the lines of force in a known magnetic field than when the seeds were orientated horizontally at right-angles to those magnetic lines. The primary root, the primary-lateral roots, and the coleoptile usually all responded similarly to the orientation treatment relative to the direction of the lines of force. However, this response was slightly less evident in the primary-lateral roots of Victory oats than in other plant parts or species.
Growth responses of approximately the same nature and magnitude were obtained when the orientation treatment during germination was rela tive to the geomagnetic lines of force or to those of an introduced magnetic field. It appears, therefore, that a magnetic field of relatively low intensity may be as effective in stimulating or initiating a growth response as one of higher intensity.
The results of these tests tend to support the evidence given by Krylov and Tarakanova (5) that speed of germination may be affected by specific orientation of seed with respect to a magnetic field. Further research is in progress.
Application of the information gained from these tests may serve to refine germination and growth techniques currently being used in research and commerce.
